formulation may be classified as being of different generations in different studies (Table 1) . Because of this confusion, I avoid the use of such terms in this article.
The use of combined oral contraceptives has many noncontraceptive benefits, but there are also risks, including risks of venous thromboembolism and arterial vascular disease, which may vary according to the formulation. The challenge for the clinician is to identify women in whom the risks associated with oral-contraceptive use outweigh the benefits and to select formulations for other women that minimize the risks and maximize the benefits.
* Among products currently marketed in the United States, the lists include only monophasic and triphasic formulations containing less than 50 µg of ethinyl estradiol; each list of monophasic formulations containing a given type of progestin includes products containing the same amount of estrogen and progestin; separate lists of monophasic preparations containing a given type of progestin appear in order of decreasing dose of ethinyl estradiol or progestin. The listed products are provided as examples and were not selected on the basis of cost or market share. † According to this classification, the first generation includes contraceptives approved for marketing in the United States before 1973, the second generation those approved for marketing in the United States between 1973 and 1989, the third generation those approved for marketing in the United States or Europe between 1990 and 2000, and the fourth generation those approved for marketing in the United States after 2000. ‡ This type of progestin is not contained in any combination estrogen-progestin oral contraceptives currently marketed in the United States. § In the United States, this type of progestin has been marketed only in combination oral contraceptives involving the sequential administration of estrogen and progestin. 
benefits of oral-contraceptive use

Ovarian Cancer
The risk of ovarian cancer is reduced by at least half among women who use oral contraceptives, including those who use low-estrogen formulations. 2, 3 The reduction in risk occurs after relatively shortterm use (5 years) and persists for 10 to 20 years after use has been discontinued. This benefit extends to women with a family history of ovarian cancer 4 and women with a mutation in the BRCA1 or BRCA2 gene. 5, 6 The suggested mechanism for this effect is the suppression of ovulation.
Endometrial Cancer
Older formulations of oral contraceptives, which contained higher doses of estrogen, reduce the risk of endometrial cancer, presumably by progestinmediated suppression of estrogen-induced proliferation of endometrial cells. The reduction in risk occurs after a relatively short period of use (five years) and persists long after discontinuation. Newer formulations have not been studied, but the presumed mechanism suggests that these formulations would also reduce the risk of endometrial cancer. 7 
Acne
Randomized, double-blind, placebo-controlled trials show substantial reductions in the severity of acne among both patients given oral contraceptives and patients given placebo, but the patients who received oral contraceptives had greater improvement. 8 Randomized trials comparing low-estrogen oral contraceptives including different progestins do not show consistent differences among formulations. 9 Some formulations have been approved for a marketing claim regarding their beneficial effect on acne, but all low-dose combination oral contraceptives cause a similar decrease in the concentration of free testosterone, the presumed mechanism for the improvement of acne. 10 
Menstrual Disorders, Loss of Blood, and Anemia
One randomized, double-blind, placebo-controlled trial of low-dose oral contraceptives showed that their use reduces the severity of dysfunctional uterine bleeding. 11 Oral-contraceptive use decreases menstrual blood flow and is associated with a reduced prevalence of anemia and increased hemoglobin concentrations in anemic women. [12] [13] [14] risks associated with oral-contraceptive use
Myocardial Infarction and Ischemic Stroke
Whereas older oral-contraceptive preparations increased the risk of myocardial infarction and ischemic stroke, studies reported in the past seven years have yielded conflicting results. [15] [16] [17] [18] [19] [20] [21] [22] [23] The relative risks of myocardial infarction and ischemic stroke among current users of oral contraceptives, as compared with nonusers, were 1.0 and 1.1, respectively, according to a pooled analysis of data from two casecontrol studies in the United States. [18] [19] [20] [21] [22] The Myocardial Infarction and Oral Contraceptives (MICA) study 15 reported a relative risk of myocardial infarction among current users of oral contraceptives of 1.4, which was not statistically significant. Other studies reported statistically significant increases by a factor of two to five in the relative risks of myocardial infarction 17, 19 and ischemic stroke 20, 21, 23 among current users of oral contraceptives. The differences are probably due to the higher prevalence of smoking and of untreated and undiagnosed hypertension in the populations of the latter studies.
In keeping with these findings, large increases (by a factor ranging from 7 to more than 100) have been observed in the relative risks of myocardial infarction and ischemic stroke among users of oral contraceptives who smoke or have hypertension. 16, 19, 20, 23 Table 2 shows the estimated number of excess cases of ischemic stroke or myocardial infarction attributable to oral-contraceptive use among nonsmokers, smokers, and women with hypertension according to age. 24 For comparison, the pregnancy-related rate of death per 100,000 live births in 1999 25 is also shown.
It has been proposed that the type of progestin used may modify the arterial vascular risk associated with the use of oral contraceptives. However, when the dose of estrogen was less than 50 µg, the risk of ischemic stroke did not differ between women taking oral-contraceptive formulations containing desogestrel or gestodene and women taking formulations containing levonorgestrel or norethindrone. 20 
Venous Thromboembolism and Cerebral Venous Thrombosis
The risk of venous thromboembolism (pulmonary embolism and deep venous thrombosis) is increased by a factor of three to four among current users of low-estrogen oral contraceptives [26] [27] [28] [29] [30] [31] [32] ethynodiol diacetate, levonorgestrel, or norgestrel. Two recent meta-analyses 33, 34 both concluded that the use of low-estrogen oral contraceptives containing one of the so-called third-generation progestins, desogestrel or gestodene, increases the risk of venous thromboembolism more than lowestrogen formulations containing levonorgestrel -by a factor of 1.5 to 1.8. These differences in risk appear to be real and cannot be accounted for by methodologic problems in the studies or the analyses. 35 Table 2 shows the number of excess venous thromboembolic events among users of low-estrogen formulations containing desogestrel or gestodene as compared with users of low-estrogen formulations containing levonorgestrel. 24 The elevation in the risk of venous thromboembolism is greatest in the first year after use is initiated, but an elevated risk persists beyond the first year. 36 Women are not at increased risk for venous thromboembolism, myocardial infarction, or ischemic stroke after they cease taking oral contraceptives. 35, 37 Currently used oral contraceptives also increase the risk of central retinal venous thrombosis. 38, 39 Whether this risk is increased more among users of formulations containing gestodene or desogestrel than among users of other formulations is uncertain. 40, 41 The risk of venous thromboembolism among users of oral contraceptives who have thrombophilia -defined as a deficiency in protein C or protein S or the presence of factor V Leiden or the prothrombin G20210A mutation -is much higher (by a factor of 6 to 40) than the risk among nonusers who do not have thrombophilia. 27, 29 evidence of no or minimal effect Low-estrogen oral contraceptives do not appear to increase the risk of hemorrhagic stroke among women who do not have hypertension. There is no increase in the risk of hepatocellular carcinoma 42 and only a small increase in the risk of hepatocellular adenoma among users of lower-dose oral contraceptives. 43 
particular progestins and vascular disease
Definitive data are lacking regarding the vascular risks associated with the newer progestins, cyproterone and drospirenone. Drospirenone is derived from spirolactone and lacks androgenic activity in cell systems. Although there are theoretical advantages to progestins that have less androgenicity, they have not been proved to have practical implications.
The possibility that low-estrogen oral contraceptives containing desogestrel or gestodene might be associated with a lower risk of myocardial infarction than those containing levonorgestrel cannot be established or ruled out on the basis of current evidence. 15, 16, 19, 44 The risk of venous thromboembolism in formulations containing norgestimate remains uncertain, because in some studies it is considered to be a second-generation progestin, and in others a third-generation progestin.
screening for thrombophilia
Tests for the factor V Leiden and prothrombin-gene mutations, which increase the risk of venous thromboembolism, are not routinely available and are costly where they are available. The role and cost effectiveness of screening for these and other prothrombotic polymorphisms remain uncertain. A family history of venous thromboembolism has a poor positive predictive value for thrombophilic gene defects. 45 Screening is not routinely recommended before the initiation of oral-contraceptive use. [46] [47] [48] However, the available studies have had methodologic limitations, including the possibilities that hemiplegic migraines were misdiagnosed as ischemic stroke or that women with ischemic stroke were more likely to report headaches, in retrospect, as having been migraines. Headaches may be classified as migraine without meeting the established criteria for the diagnosis, and self-reported migraine without associated neurologic deficits is not considered to be a contraindication to the use of oral contraceptives.
breast cancer
Despite at least 60 epidemiologic studies of breast cancer and oral-contraceptive use, the effect of oralcontraceptive use on the risk of breast cancer remains controversial. A pooled analysis of data from 54 studies, reported in 1996, showed a small increase in the risk of breast cancer with current use (relative risk, 1.24; 95 percent confidence interval, 1.15 to 1.33); the relative risk decreased to 1.0 within 10 years after use had been discontinued. 49 In contrast, a recent study in the United States that involved 4575 women with breast cancer 50 showed no increase in the risk of breast cancer among women who were using oral contraceptives at the time of the study, women who had ever used oral contraceptives, or women with long-term use. The possibility that women with a strong family history of breast cancer or BRCA1 or BRCA2 gene mutations may be at higher risk for breast cancer than other women when using oral contraceptives has not been ruled out. [51] [52] [53] [54] cervical cancer
Human papillomavirus (HPV) is a causative agent in both squamous-cell and adenomatous cervical cancer, 55 yet until recently, HPV infection was not taken into account in studies of oral-contraceptive use and cervical neoplasia. Because of this and other methodologic problems, there are conflicting data on the association between oral-contraceptive use and the risk of cervical cancer. 56 Recent studies suggest that oral-contraceptive use, especially long-term use, may increase the risk of cervical cancer in women who are positive for HPV DNA but not in women who are negative for HPV DNA. 57 The data are consistent with a promotional effect of oral contraceptives in women with HPV. Oral-contraceptive use may cause persistence of infection with the particular types of HPV that confer a high risk of cervical cancer 58 and may also affect the acquisition of HPV infection, although these conclusions are still not firm. Any effect of oral-contraceptive use on the risk of cervical neoplasia will be small if neoplasia is detected early and treated.
other neoplasia
The risk of colorectal cancer may be decreased with the use of oral contraceptives, 59 although studies have had conflicting results. A lower risk of benign breast disease among long-term users of oral contraceptives was observed in studies of older formulations, but it is uncertain whether such an association holds true for newer formulations. Whether oral-contraceptive use affects the risk of uterine myoma is also uncertain. 60, 61 other formulation-specific effects Numerous studies have evaluated contraceptive effectiveness, cycle control, bleeding patterns, or minor side effects such as weight gain with specific formulations; have compared these effects with those of placebo; or have compared the effects of two or three of the dozens of different formulations. There is no evidence of differences in contraceptive effectiveness among different formulations, but the equivalence of all currently marketed products has not been established through rigorous head-to-head comparisons. Studies of cycle control with various formulations have used different measures of bleeding, rendering it impossible to make valid comparisons. 62 The superiority of any specific formulation in reducing the risk of any minor side effect of oralcontraceptive use has not been established.
The cost to the patient of a cycle of oral contraceptives depends on the formulation, insurance coverage, and local pricing practices. It ranges from no cost to the patient to more than $50 per cycle.
In 2000, the American College of Obstetricians and Gynecologists (ACOG) issued practice guidelines regarding hormonal contraception. 63 Also in 2000, the World Health Organization (WHO) published guidelines on medical eligibility for contraceptive use. 64 Table 3 summarizes the ACOG and WHO recommendations for the use of combination oral contraceptives in women with characteristics that might put them at particularly high risk for adverse vascular events and according to personal and family history. The two sets of guidelines are similar.
For most women who are, like the woman in the vignette, healthy and free of cardiovascular disease and major cardiovascular risk factors, the use of combination estrogen-progestin oral contraceptives is associated with low relative and absolute risks of cardiovascular disease. Even when the health risks are taken into account, the net health benefit of oral-contraceptive use in these women is great, especially given the effect on the risk of ovarian cancer and its effectiveness in preventing pregnancy. The favorable risk-benefit ratio for healthy women applies to all oral contraceptives containing a low dose of estrogen (less than 50 µg). However, among formulations containing less than 50 µg of ethinyl estradiol, those containing desogestrel or gesto- The risks associated with oral-contraceptive use outweigh the benefits for women with a history of stroke, ischemic heart disease, or venous thromboembolism. Oral contraceptives are contraindicated in women who are known to carry the factor V Leiden gene mutation, although screening for this condition is not recommended. Oral-contraceptive use should be discouraged among women older than 35 years of age who smoke (especially if they smoke more than 15 cigarettes per day) because they clearly have an increased risk of arterial vascular disease when using oral contraceptives. Smoking cessation should be encouraged routinely, and the clinician should document that older women who choose to use oral contraceptives while continuing to smoke have been counseled about the vascular risks associated with oral-contraceptive use. All oral-contraceptive users should have their blood pressure checked before initiating use and periodically thereafter. Women with well-controlled hypertension who elect to use oral contraceptives should be counseled that it is uncertain whether blood-pressure control eliminates the associated increases in the risks of stroke and myocardial infarction. Oralcontraceptive use should be discontinued immediately in any woman with symptoms suggestive of stroke, myocardial infarction, or venous thrombosis. Oral-contraceptive users should be screened regularly for cervical neoplasia but do not require more frequent screening than nonusers.
